
A 1  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  82301774.4  ©  Int.  CI.3:  G  02  F  1/03,  G  03  G  1 5 / 3 2  

@  Date  of  filing:  02.04.82 

@)  Priority:  02.04.81  US  250478  ©  Applicant:  XEROX  CORPORATION,  Xerox  Square  -020, 
Rochester  New  York  14644  (US) 

z i s . . .   ,  . . . .   A-  Anon  (7t)  Inventor:  Hartke,  David  H.,  1427  Genesee  Avenue,  Los ®  2 S £ S J i r , 0 n   PP  Angeles  California  90019  (US) 

@  Representative  :  Weatherald,  Keith  Baynes  et  al, 
European  Patent  Attorney  Rank  Xerox  Patent 

@  Designated  Contracting  States  :  DE  FR  GB  Department  338  Euston  Road,  London  NW1  3BH  (GB) 
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©  A  proximity  coupled  electro-optic  device  in  which  the 
electro-optic  element  (17)  has  a  pattern  of  conductors 
(44A  ...44Z)  applied  to  the  surface  (17A)  thereof  abutting 
the  individually  addressable  electrodes  (18)  applying 
encoded  data  samples.  The  conductors  (44)  are  aligned  in 
the  same,  or  substantially  the  same,  direction  as  the  elec- 
trodes  (18),  and  the  period  of  the  conductor  pattern  (44)  is 
equal  to  or  less  than  the  maximum  width  of  the  electrodes 
(18).  Directional  alignment  tolerances  between  the  conduc- 
tors  (44)  and  electrodes  (18)  are  increased  as  the  period  of 

^   the  conductor  pattern  (44)  is  decreased,  and  when  the 
conductors  (44)  are  segmented. 
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A   proximity  coupled  electro-optic  device  in  which  the 
electro-optic  element  (17)  has  a  pattern  of  conductors 
(44A...44Z)  applied  to  the  surface  (17A)  thereof  abutting 
the  individually  addressable  electrodes  (18)  applying 
encoded  data  samples.  The  conductors  (44)  are  aligned  in 
the  same,  or  substantially  the  same,  direction  as  the  elec- 
trodes  (18),  and  the  period  of  the  conductor  pattern  (44)  is 
equal  to  or  less  than  the  maximum  width  of  the  electrodes 
(18).  Directional  alignment  tolerances  between  the  conduc- 
tors  (44)  and  electrodes  (18)  are  increased  as  the  period  of 
the  conductor  pattern  (44)  is  decreased,  and  when  the 
conductors  (44)  are  segmented. 



This  invention  relates  to  e lect ro-opt ic   devices  and,  m o r e  

part icularly,   to  proximi ty-coupled  light  valves  for  e lec t ro-opt ic   line 

printers  and  the  l ike .  

It  has  been  shown  that  an  e lec t ro-opt ic   element  having  a  

plurality  of  individually  addressable  electrodes  can  be  used  as  a  m u l t i -  

gate  light  valve  for  line  printing.  See,  for  example,  "L igh t  

Gates  Give  Data  Recorder   Improved  Hardcopy  Reso lu t ion , "  

Electronic  Design,  July  19,1979,  pp.  31-32;  "Polarizing  Filters  Plot  Analog 

Waveforms,"  Machine  Design,  Vol.  51,  No.  17,  July  26,  1979,  p.  62;  and 

"Data  Recorder  Eliminates  Problem  of  Linearity,"  Design  News,  

February  4,1980,  pp.  56-57. 

As  is  known,  almost  any  optically  t ransparent   e l e c t r o - o p t i c a l  

material   can  be  used  as  the  e lec t ro-opt ic   element  of  such  a  light  valve.  

The  most  promising  materials  now  appear  to  be  LiNbO3  and  LiTaO3,  but  

there  are  other  materials  which  qualify  for  consideration,  including  BSN, 

KDP,  KDxP,  Ba2NaNb5O15  and  PLZT.  In  any  event,  it  is  desirable  t h a t  

t h e   electrodes  of  such  a  light  valve  be  int imately  coupled  to  the  e l e c t r o -  

optic  element  and  distributed  in  non-overlapping  relationship  wid thwise  

of  the  e lec t ro-opt ic   element  (i.e.,  orthogonally  relative  to  its  op t i ca l  

axis),  typically  on  equidistantly  separated  centers  so  that  there  is  a  

,  genera l ly   uniform  in tere lec t rode   gap  spac ing .  

To  perform  line  printing  with  a  mult i -gate  light  valve  of  t h e  

foregoing  type,  a  photosensitive  recording  medium,  such  as  a  xe rograph ic  



photoreceptor ,   is  exposed  in  an  image  configuration  as  it  advances  in  a  

cross  line  direction  (i.e.,  a  line  pitch  direction)  relative  to  the  l ight  
valve.  More  part icularly,   to  carry  out  the  exposure  process,  a  shee t - l i ke  

collimated  light  beam  is  t ransmit ted   through  the  e lec t ro-opt ic   e l e m e n t  

of  the  light  valve,  either  along  its  optical  axis  for  straight  th rough 
transmission  or  at  a  slight  angle  relative  to  that  axis  for  total  i n t e r n a l  

reflection.   Fur thermore ,   successive  sets  of  digital  bits  or  analog  s ignal  

samples  (hereinafter  collectively  referred  to  as  "data  samples"),  which 

represent   respective  collections  of  picture  elements  of  pixels  f o r  

successive  lines  of  the  image,  are  sequentially  applied  to  the  e l e c t r o d e s .  

As  a  result,  localized  electr ic  bulk  or  fringe  fields  are  created  within  t h e  

e lec t ro-opt ic   element  in  the  immediate  vicinity  of  any  electrodes  t o  

which  non-reference  level  data  samples  are  applied.  These  fields,  in 

turn,  cause  localized  variations  in  the  refract ive   index  of  the  e l e c t r o -  

optic  element  within  an  interact ion  region  (i.e.,  a  light  beam  i l l umina ted  

region  of  the  e lec t ro-opt ic   element  which  is  subject  to  being  p e n e t r a t e d  

by  the  electr ic   fields).  Thus,  the  phase  front  or  polarization  of  the  l ight  

beam  is  modulated  (hereinafter   generically  referred  to  as  "p-modula t ion"  

of  the  light  beam)  in  accordance  with  the  data  samples  applied  to  t h e  

electrodes  as  the  light  beam  passes  through  the  in teract ion  reg ion .  

Schlieren  readout  optics  may  be  used  to  convert  a  phase  front  m o d u l a t e d  

light  beam  into  a  light  beam  having  a  correspondingly  m o d u l a t e d  

intensity  profile.  For  example,  the  phase  front  modulated  light  b e a m  

may  be  imaged  onto  the  recording  medium  by  central  dark  field  o r  

central  bright  field  imaging  optics.  Alternat ively,   if  the  input  light  b e a m  

, is  polarized,  a  polarization  modulation  to  intensity  modulation  convers ion  

process  may  be  performed  by  passing  the  polarization  modulated  o u t p u t  

beam  through  a  polarization  analyzer.   In  more  generic  terms,  the  p- 

modulation  of  the  light  beam  is  converted  into  a  correspondingly  

modulated  intensity  profile  by  using  "p-sensitive  readout  optics"  to  image  

or  project  (hereinafter   collectively  referred  to  as  imaging)  the  l ight  

beam  onto  the  recording  med ium.  

Although  the  electrodes  of  a  proximity  coupled  e l e c t r o - o p t i c  

device  are  clamped  against  the  e lec t ro-opt ic   element  thereof,   small  a i r  

gaps  can  exist  between  the  electrodes  and  the  e lec t ro-opt ic   e l e m e n t ,  



such  as  may  be  caused  by  the  ordinary  roughness  of  the  mating  su r faces  

of  the  electrodes  and  the  e lec t ro-opt ic   element,   by  defects  in  t hose  

surfaces,  and  by  dust  or  other  contaminant   particles  which  may  be 

entrapped  therebe tween.   Such  air  gaps  can  greatly  diminish  the  s t r e n g t h  
of  the  localized  electr ic   bulk  or  fringe  fields  created  within  the  e l e c t r o -  

optic  element  since  they  form  series  capaci tances  between  a d j a c e n t  

electrodes  and  the  e lec t ro-opt ic   element.   The  relative  voltage  drops 

across  the  air  gaps  are  approximately  proportional  to  the  thickness  of  t h e  

air  gaps  and  the  dielectr ic   constant  of  the  material   of  the  e l e c t r o - o p t i c  

element.   Actual  simulation  tests  demonst ra te   that  if  the  width  of  t he  

electrodes  is  5  microns  and  the  separation  between  adjacent  electrodes  is 

5  microns,  a  full  frequency  modulation  pattern  would  be  only  18%  of  i t s  

"electrode  in  contact  with  the  e lec t ro-opt ic   element"  value  when  the  air  

gaps  are  0.5  microns  across.  Accordingly,  it  is  desirable  to  e l i m i n a t e  

gaps  of  low  dielectr ic  constant  material   between  the  electrodes  and  t h e  

e lec t ro-opt ic   element  of  proximity  coupled  e lec t ro-opt ic   dev ices .  

In  accordance  with  the  invention,  an  improved  p rox imi ty  

coupled  e lec t ro-opt ic   device  is  provided  by  depositing  on  the  m a t i n g  

surface  of  the  electro-toptic  element  of  the  device  a  pattern  of  

conductors  which  are  aligned  in  the  same,  or  substantially  the  s a m e ,  
direction  as  the  electrodes  of  the  device,  and  which  have  a  period  equal  

to  or  less  than  the  maximum  width  of  the  electrodes.   When  the  period  of  

the  conductor  pattern  is  less  than  the  maximum  width  of  the  e l e c t rodes  

more  than  one  conductor  is  si tuated  adjacent  each  electrode,   t h e r e b y  

permitt ing  increased  directional  alignment  tolerances  between  t h e  

,  conductors   and  the  electrodes.   Directional  alignment  tolerances  a r e  

further  increased  by  segmenting  the  conduc to r s .  

Still  other  features  and  advantages  of  this  invention  will 

become  apparent  when  the  following  detailed  description  is  read  in 

conjunction  with  the  a t tached  drawings,  in  which:  

Figure  1  is  a  schematic   side  view  of  an  e lec t ro-opt ic   l ine 

printer  including  a  proximity  coupled  TIR  mult i-gate  light  valve  which 

embodies  the  present  invent ion;  

Figure  2  is  a  schematic   bottom  plan  view  of  the  e l e c t r o - o p t i c  

line  printer  shown  in  Figure  1; 



Figure  3  is  an  enlarged  side  view  of  a  TIR  light  valve  for  t h e  

e lec t ro-opt ic   line  printer  of  Figures  1  and  2; 

Figure  4  is  an  enlarged  cutaway  bottom  view  of  the  TIR  l ight  

valve  of  Figure  3  showing  a  pattern  of  individually  addressab le  

e l e c t r o d e s ;  

Figure  5  is  a  simplified  block  diagram  of  a  system  for  

applying  encoded  serial  input  data  to  the  individually  addres sab le  

electrodes  of  the  electrode  pattern  shown  in  Figure  4; 

Figure  6  is  an  enlarged  and  f ragmentary   sectional  view  of  t h e  

TIR  light  valve  shown  in  Figure  3  to  better   i l lustrate  the  p rox imi ty  

coupling  of  the  electrodes  to  the  e lec t ro-opt ic   element  and  t h e  

,  in teract ion  which  occurs  between  the  light  beam  and  the  electr ic  f r inge  

fields  within  the  interact ion  region  of  the  e lec t ro-opt ic   e l e m e n t ;  

Figure  7  is  an  enlarged  and  f ragmentary   schemat ic   plan  view 

of  the  electrode  pat tern  of  Figure  4  as  embodied  on  a  silicon  i n t e g r a t e d  

circuit  in  accordance  with  this  invent ion;  

Figures  8  and  8A  are  enlarged  side  views  of  the  conduc to r -  

electrode  patterns  of  a  portion  of  the  TIR  light  valve  in  accordance  wi th  

the  invention,  and 

Figure  9  is  an  enlarged  bottom  view  of  a  portion  of  t he  

segmented  conductor  pattern  in  accordance  with  the  invent ion .  

Turning  now  to  the  drawings,  and  at  this  point  especially  t o  

Figures  1  and  2,  there  is  shown  an  e lec t ro-opt ic   line  printer  11  compris ing  

a  mult i -gate   light  valve  12  for  exposing  a  photosensitive  r ecord ing  
medium  13  in  an  image  configuration.  The  recording  medium  13  is 

depicted  as  being  a  photoconductively  coated  xerographic  drum  14  which 

is  rotated  (by  means  not  shown)  in  the  direction  of  the  arrow.  I t  

nevertheless  will  be  evident  that  there  are  other  xerographic  and  non-  

xerographic  recording  media  that  could  be  used,  including 



photoconductively  coated  xerographic  belts  and  plates,  as  well  as 

photosensitive  film  and  coated  paper  in  web  or  cut  sheet  stock  f o r m .  

The  recording  medium  13  should,  therefore ,   be  visualized  in  t he  

generalized  case  as  being  a  photosensitive  medium  which  is  exposed  in  an  

image  configuration  while  advancing  in  a  cross  line  or  line  pitch  d i r ec t ion  

relative,  to  the  light  valve  12. 

As  shown  in  Figures  3  and  4,  the  light  valve  12  includes  an 

e lec t ro-opt ic   element  17  and  a  plurality  of  individually  addressab le  

electrodes  18a -  18i.  For  a  total  internal  reflection  (TIR)  mode  of 

operation  as  i l lustrated,  the  e lec t ro-opt ic   element  17  typically  is  a  y - c u t  

crystal  of,  say,  LiNb03  having  an  optically  polished  reflecting  surface  21 

which  is  integral  with  and  disposed  between  optically  polished  input  and. 

output  faces  22  and  23,  respectively.   The  electrodes  18a -  18i  are  coupled 

to  the  e lec t ro-opt ic   element  17  adjacent  the  reflect ing  surface  21  and  a r e  

distributed  across  essentially  the  full  width  thereof.   Typically,  t h e  

electrodes  18a -  18i  are  1-30  microns  wide  and  are  on  centers  which  a r e  

more  or  less  equidistantly  separated  to  provide  a  generally  uniform 

in tere lec t rode   gap  spacing  of  1-30  microns.  In  this  p a r t i c u l a r  
embodiment   the  electrodes  18a -  18i  extend  generally  parallel  to  t he  

optical  axis  of  the  e lec t ro-opt ic   element  17  and  have  projections  of 

substantial   length  along  that  axis.  Alternat ively,   the  electrodes  18a -  18i 

could  be  aligned  at  the  so-called  Bragg  angle  relative  to  the  optical  axis  

of  the  e lec t ro-opt ic   element  17.  As  will  be  apprecia ted,   if  the  e l e c t rodes  

18a -  18i  are  aligned  parallel  to  the  optical  axis  of  the  e l e c t r o - o p t i c  

element  17,  the  light  valve  12  will  produce  a  diffraction  pattern  which  is 

,  symmet r i ca l   about  the  zero  order  diffraction  component.   If,  on  t h e  

other  hand,  the  electrodes  18a -  18i  are  at  the  Bragg  angle  relative  to  t h e  

optical  axis  of  the  e lect ro-opt ic   element  17,  the  light  valve  12  will 

produce  an  asymmetr ical   diffraction  p a t t e r n .  

Briefly  reviewing  the  operation  of  the  line  printer  11  dep ic t ed  

in  Figures  1-4,  a  sheet-like  collimated  beam  of  light  24  from  a  su i t ab le  

source,  such  as  a  laser  (not  shown),  is  t ransmit ted   through  the  input  f a c e  

22  of  the  e lec t ro-opt ic   element  17  at  a  grazing  angle  of  inc idence  

relative  to  the  reflecting  surface  21.  The  light  beam  24  is  brought  to  a  

wedge-shaped  focus  (by  means  not  shown)  at  approximately  the  c e n t e r  



line  of  the  reflecting  surface  21  and  is  totally  internally  r e f l e c t e d  
therefrom  for  subsequent  transmission  through  the  output  face  23.  As 
will  be  seen,  the  light  beam  24  illuminates  substantial ly  the  full  width  of  

the  e lec t ro-opt ic   element  17  and  is  phase  front  modulated  while  passing 

therethrough  in  accordance  with  the  encoded  data  samples  applied  to  t h e  

electrodes  18a -  18i. 

More  part icularly,   as  shown  in  Figure  5,  serial  input  d a t a  

samples,  which  represent  picture  elements  for  successive  lines  of  an 

image,  are  applied  to  a  differential   encoder  25  at  a  predetermined  d a t a  

rate.  The  encoder  25  differential ly  encodes  the  input  samples  on  a  l ine -  

by-line  basis  in  response  to  control  signals  from  a  controller  26,  and  a  

multiplexer  27  ripples  the  encoded  data  samples  onto  the  electrodes  18a -  

18i  at  a  ripple  rate  which  is  matched  to  the  data  rate  in  response  t o  

further  control  signals  from  the  controller  26.  The  input  data  may,  of 

course,  by  buffered  (by  means  not  shown)  to  match  the  input  data  rate  t o  

any  desired  ripple  rate.  Additionally,  the  input  data  may  be  p rocessed  

(by  means  also  not  shown)  upstream  of  the  encoder  25  for  text  ed i t ing ,  

format t ing  or  other  purposes,  provided  that  the  data  samples  for  t h e  

ult imate  image  are  applied  to  the  encoder  25  in  adjacent  picture  e l e m e n t  

s equence .  
The  encoded  data  samples  applied  to  the  electrodes  18a -  18i 

produce  potential   differences  or  voltage  drops  between  adjacent  pairs  of  

electrodes.   Referring  to  Figure  6,  the  e l e c t r o d e - t o - e l e c t r o d e   vo l tage  

drops  create  localized  fringe  fields  28  within  an  in teract ion  region  29  of  

the  e lec t ro-opt ic   element  17,  and  the  fringe  fields  28  cause  l oca l i zed  

,  variat ions  in  the  refract ive   index  of  the  e lec t ro-opt ic   element  17 

widthwise  of  the  interact ion  region  29.  The  voltage  drop  between  any 

adjacent  pair  of  electrodes,   such  as  18b  and  18c  or  18c  and  18d,  d e t e r m i n e s  

the  refract ive   index  for  the  portion  of  the  in teract ion  region  29  which  

bridges  between  those  two  electrodes.   Hence,  the  refract ive   index 

variations  within  the  interact ion  region  29  faithfully  represent   the  input  

data  samples  appearing  on  the  electrodes  18a - 181  in  encoded  form  at  any  

given  point  in  time.  It  therefore  follows  that  the  phase  front  of  the  l ight  

beam  24  (Figure  3)  is  sequentially  spatially  modulated  in  accordance  wi th  

the  data  samples  for  successive  lines  of  the  image  as  the  light  beam  24 



passes  through  the  interact ion  region  27  of  the  e lec t ro-opt ic   element  17. 

Returning  for  a  moment  to  Figures  1  and  2,  to  expose  t h e  

recording  medium  13  in  an  image  configuration,   there  suitably  a r e  
Schlieren  central  dark  field  imaging  optics  20  which  are  optically  a l igned 
between  the  e lec t ro-opt ic   element  17  and  the  recording  medium  13  fo r  

imaging  the  light  beam  24  onto  the  recording  medium  13.  The  imaging 

optics  20 convert  the  spatial  phase  front  modulation  of  the  light  beam  24 

into  a  correspondingly  modulated  intensity  profile  and  provide  any 

magnif icat ion  that  is  required  to  obtain  an  image  of  a  desired  width.  To 

accomplish  that,   the  i l lustrated  imaging  optics20  include  a  field  lens  34 

for  focusing  the  zero  order  diffraction  components  32  of  the  phase  f r o n t  

modulated  light  beam  24  onto  a  central  stop  35  and  an  imaging  lens  36 

for  imaging  the  higher  order  diffraction  components  onto  the  record ing  
medium  13;  i.e.,  the  image  plane  for  the  light  valve  12.  The  field  lens  34 

is  optically  aligned  between  the  e lec t ro-opt ic   element  17  and  the  stop  34 

so  that  substantially  all  of  the  zero  order  components  32  of  the  l ight  

beam  24  are  blocked  by  the  stop  35.  The  higher  order  d i f f r a c t i o n  

components  of  the  light  beam  24  scat ter   around  the  stop  35  and  a r e  

collected  by  the  imaging  lens  36  which,  in  turn,  causes  them  to  fall  onto  

the  light  valve  image  plane  defined  by  the  recording  medium  13.  Of  

course,  other  p-sensitive  readout  optics  could  be  used  to  convert  t h e  

phase  front  or  polarization  modulated  light  beam  provided  by  t h e  

e lec t ro-opt ic   element  17  into  a  light  beam  having  a  correspondingly  

modulated  intensity  p rof i le .  

To  summarize,   as  indicated  in  Figure  2  by  the  broken  lines  39, 

,  each   neighboring  pair  of  e lectrodes,   such  as  18B  and  18C  (Figure  6), 

cooperates  with  the  e lec t ro-opt ic   element  17  and  with  the  p -sens i t ive  

readout  optics  20  to  effect ively  define  a  local  modulator  for  creating  a  

picture  element  at  a  unique,  spatially  predetermined  position  along  e a c h  

line  of  the  image.  Accordingly,  the  number  of  electrodes  18A  -181 

determines  the  number  of  picture  elements  that  can  be  printed  per  l ine 

of  the  image.  Moreover,  by  sequentially  applying  successive  sets  of 

encoded  data  samples  to  the  electrodes  18A -  18I  while  the  record ing  

medium  13  is  advancing  in  a  cross  line  direction  relative  to  the  l ight  

valve  12,  successive  lines  of  the  image  are  p r in ted .  



As  best  shown  in  Figure  7,  the  electrodes  18A -  181  a r e  

preferably  defined  by  a  suitably  pat terned,   e lectr ical ly   conductive  l aye r ,  

generally  indicated  by  30,  which  is  deposited  on  and  is  a  part  of  an  
electr ical   integrated  circuit  31,  such  as  a  LSI  (large  scale  i n t e g r a t e d )  
silicon  in tegra ted  circuit,  to  make  electr ical   contact  to  the  i n t e g r a t e d  
drive  electronics  32B-  32G  For  example,  as  i l lustrated,   the  mul t ip lexe r  
27  is  embodied  in  the  in tegrated  circuit  31,  and  the  electrodes  18A -  18I 

are  an  extension  of  the  m e t a l i s e d   or  polysilicon  layer  30  which  is  used 

to  make  electr ical   connections  to  the  output  t ransfer   gates  or  pass 
transistors  32B-  32Gand  other  individual  components  (not  shown)  of  t h e  

multiplexer  27.  The  pass  transistors  32B-  32Gand  the  other  componen t s  
of  the  multiplexer  27  are  formed  on  the  integrated  circuit  31  by  using 

more  or  less  standard  LSI  component  fabricat ion  techniques,  and  t h e  

metal ised  or  polysilicon layer  30  is  the rea f te r   deposited  on  the  o u t e r  

surface  33  of  the  in tegra ted  circuit  31.  An  etching  process  or  the  like  is 

then  used  to  pattern  the  electr ical ly  conductive  layer  30  as  required  t o  

provide  electr ical ly  independent  connections  to  the  e l e c t r i c a l l y  

independent  components  of  the  multiplexer  27  and  to  form  t h e  

electr ical ly   independent  electrodes  18A -  18I  (only  the  electrodes  18B -  18G 

can  be  seen  in  Figure  7).  Thus,  the  data  t ransfer   lines  34B -  34Gfor  t h e  

pass  transistors  32B-  32Gare  defined  in  the  metalised  or  polysi l icon 

layer  30  by  the  same  etching  process  which  is  used  to  define  t h e  

electrodes  18A -18I. 

Referring  again  to  Figure  6,  the  electrodes  18A -  181  a r e  

proximity  coupled  to  the  e lec t ro-opt ic   element  17.  To  that  end,  a  c l a m p ,  

,  which  is  schemat ical ly   represented  by  the  arrows  42  and  43,  is  engaged  

with  the  e lec t ro-opt ic   element  17  and  with  the  silicon  integrated  c i r cu i t  

31  to  urge  the  electrodes  18A-  18I  into  close  contact  with  the  r e f l e c t i n g  

surface  23  of  the  e lec t ro-opt ic   element  17.  Alternat ively,   the  i n t e g r a t e d  

circuit  31  could  be  bonded  to  the  e lec t ro-opt ic   element  17  by  an  adhesive 

or  by  suc t ion .  

Even  though  the  electrodes  18A- 181  are  urged  toward  c o n t a c t  

with  e lec t ro-opt ic   element  17,  undesired  small  air  gaps  may  e x i s t  

between  the  e lec t ro-opt ic   element  17  and  one  or  more  of  the  e l e c t rodes  

18A-18I  As  noted,  such  air  gaps  may  greatly  diminish  the  magnitude  of 



the  localized  fringe  fields  because  the  dielectr ic   constant  of  air  

(approximately  1)  is  much  less  than  the  dielectr ic  constant  of  t h e  

mater ial   of  the  e lec t ro-opt ic   element  17  (approximately  30  for  L iNb03) .  
In  accordance  with  the  invention,  as  shown  in  Figure  8,  t h e  

air  gap  problem  is  overcome  by  providing  a  pattern  of  individual,  para l le l  

conductors  44  A-  44Z on  the  mating  surface  17A  of  the  e l e c t r o - o p t i c  
element  17.  Conductors  44A -   44Z  are  int imately  bonded  in  a 

conventional  manner  to  the  surface  17A  and  are  distributed  in  non- 

overlapping  relationship  widthwise  of  the  e lec t ro-opt ic   element  (i .e. ,  

orthogonally  relative  to  its  optical  axis),  typically  on  equ id i s tan t ly  

spaced  centers  so  that  there  is  a  generally  uniform  i n t e r c o n d u c t o r  

spacing.  If  the  e lectrodes   have  a  longitudinal  direction  a l igned 

generally  parallel  to  the  optical  axis  of  the  e lec t ro-opt ic   element  17,  t he  

conductors  will  also  have  that  longitudinal  a l i gnmen t .  

Al ternat ively,   if  the  e lectrodes  have  a  longitudinal  d i rec t ion  

aligned  at  the  Bragg  angle  relative  to  the  optical  axis  of  the  e l e c t r o -  

optic  element  17,  the  conductors  will  also  have  t h a t  

longitudinal  a l i gnmen t .  

The  conductors :44  bonded  to  the  e l ec t ro -op t i c   element  17  can  

have  the  same  width  and  period  as  the  electrodes  18.  However,  in 

that  configuration  of  the  invention,  each  conductor  would  have  to  be  in 

substantial   alignment  with  each  electrode,  since  any  significant  skewing  

between  conductors  and  electrodes  could  cause  shorting  of  a d j a c e n t  

electrodes  or,  at  a  minimum,  modification  of  the  effect ive  width  of  t h e  

e lectrodes.   To  protect  against  such  shorting  or  width  modification,   t h e  

period  of  the  conductors  44  preferably  is  set  at  less  than  the  width  of  t h e  

individual  electrodes  18.  For  example,  as  shown  in  Figure  8,  t h e  

conductors  44  have  a  period  that  is  one-fif th  (1/5)  the  width  of  t h e  

individual  electrodes  18  that  is,  if  the  electrodes  are  five  microns  

wide  then  the  period  of  the  conductors  44  would  be  one  micron  and  e a c h  

conductor  could  be  0.5  microns  wide.  With  the  disclosed  conduc to r  

configuration,   contact  between  each  electrode  18  and  one  of  t h e  

conductors  44  is  all  that  is  necessary  to  provide  full  e l e c t r o d e - t o -  

electrode  voltage  drops,  and  hence  full  s trength  fringe  fields  can  be 

achieved  with  less  critical  conductor -e lec t rode   alignment  tolerances.   In 



the  conductor  pat tern  example  of  Figure  8A, the  period  of  the  conduc tors  

is  one-third  (1/3)  the  width  of  the  individual  electrodes  18,  which 

provides  sa t is factory  operation  but,  due  to  the  increased  period  of  t he  

conductors,   requires  more  critical -  conductor -e lec t rode   a l i g n m e n t  
tolerances  than  the  exemplary  pattern  of  Figure  8.  Thus,  as  a  genera l  

rule,  the  cri t icali ty  of  the  conductor-e lec t rode   alignment  decreases  as  
the  period  of  the  conductors  d e c r e a s e s .  

Even  though  a  significant  reduction  in  the  period  of  t h e  

conductors  will  make  conductor -e lec t rode   alignment  tolerances  less 

crit ical,   such  alignment  tolerances  are  still  very  small.  For  example,  i f  

the  e lectrodes  18  are  2  mill imeters  long  and  the  spacing  b e t w e e n  

electrodes  is  5  microns,  then  the  critical  angle  between  the  conduc to r  

pattern  and  the  e lectrodes   that  will  prevent  shorting  is  tan-1(5 microns 2 millimeters), 

or  0.14°,  which  is  a  formidable  process  parameter   to  achieve.  The 

critical  angle  is  increased  significantly,  in  accordance  with  the  invent ion ,  

by  sectioning  or  dividing  each  of  the  conductors  44  into  a  plurality  o f  

component  segments,   as  shown  in  Figure  9.  As  an  example,  assuming 

that  an  alignment  angle  of  1  degree  (approximately  0 .2mm/mm)   b e t w e e n  

the  conductors  and  the  electrodes  is  a  practical   process  parameter ,   a n d  

that  the  effect ive  width  of  the  electrodes  is  not  increased  by  conduc to r  

overhang  by  more  than  1/5  the  width  of  the  e lectrodes,   then  t h e  

conductor  segment  lengths,  L ,   would  be: 

,  In  the  foregoing  discussion,  it  was  assumed  that  t h e  

material(s)  of  the  conductors  and  the  electrodes  had  equal,  or  

substantially  equal,  hardness.  For  example,  the  electrodes  and  t h e  

conductors  could  be  made  of  aluminum,  both  shaped  by  convent iona l  

photol i thographic-e tching  techniques.  By  making  the  conductors  of  a  

softer  mater ial   than  the  electrodes,   for  example,  gold  as  the  conduc tor  

material   and  aluminum  as  the  electrode  material ,   some  high  f r e q u e n c y  

mating  surface  conformity 'problems  are  o v e r c o m e .  

Placing  a  great  number  of  metal  conductors  44  on  the  s u r f a c e  

17A of  the  e lec t ro-opt ic   element  17  may  cause  f rustrat ion  of  the  t o t a l  



internal  reflect ion  (TIR)  operating  mode  of  the  devices  described.  To 

reduce  or  el iminate  such  TIR  frustrat ion,   a  thin  insulating  layer  may  be 

placed  between  the  conductors  44  and  the  surface  17A. 



1.  ,  An  e lec t ro -op t ic   device  including  an  e l ec t ro -op t i c   e l e m e n t  

(17)  having  a  plurality  of  parallel  conductors  (44)  on  a  major  s u r f a c e  

(17A)  thereof;  a  separable  substrate   (31)  carrying  a  plurality  of 

addressable  parallel  e lectrodes  (18)  on  a  major  surface  (33)  t h e r e o f ,  

and  means  for  urging  the  substrate  and  element  together   so  that  e ach  

electrode  contacts   at  least  one  conductor  along  substantial ly  t h e  

whole  of  its  length .  

2.  A  device  as  claimed  in  claim  1,  in  which  the  period  of  t he  

conductors  is  substantial ly  equal  to  the  width  of  the  individual  

e l e c t r o d e s .  

3.  A  device  as  claimed  in  claim  1,  in  which  the  period  of  t he  

conductors  is  substantial ly  less  than  the  width  of  the  individual  

e l e c t r o d e s .  

4.  A  device  as  claimed  in  any  preceding  claim,  in  which  t h e  

conductors  are  s e g m e n t e d .  

5.  A  device  as  claimed  in  any  preceding  claim,  in  which  e ach  

conductor  is  spaced  from  the  respect ive  face  of  the  e lement   by  a  th in  

layer  of  e lec t r ica l   insulation  m a t e r i a l .  
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